Abstract: Central Skåne (Scania) in southern Sweden hosts evidence of extensive Jurassic volcanism in the form of mafic volcanic plugs and associated volcaniclastic deposits that entomb wellpreserved macro-plant and spore-pollen assemblages. Palynological assemblages recovered from the Höör Sandstone are of Hettangian-Pliensbachian age and those from the overlying lahar deposits are dated as Pliensbachian-early Toarcian (?). Palynomorph assemblages from these units reveal significantly different ecosystems, particularly with respect to the gymnospermous components that represented the main canopy plants. Both palynofloras are dominated by osmundacean, marattiacean and cyatheacean fern spore taxa but, whereas the Höör Sandstone hosts abundant Chasmatosporites spp. pollen produced by plants related to cycadophytes, the volcanogenic deposits are dominated by cypress family pollen (Perinopollenites) with an understorey component rich in putative Erdtmanithecales (or possibly Gnetales), and collectively representing vegetation of disturbed habitats. Permineralized conifer wood attributed to Protophyllocladoxylon sp., belonging to plants that probably produced the abundant Perinopollenites grains, is abundant in the volcanigenic strata, and shows sporadic intraseasonal and multi-year episodes of growth disruption. Together with the relatively narrow but marked annual growth rings, and the annual and mean sensitivity values that span the complacent-sensitive domains, these features suggest growth within Mediterranean-type biomes subject to episodic disturbance.
Volcanic activity is one of Earth's major natural hazards and the apparent driver of several Phanerozoic mass-extinction events. Large-scale volcanism contributing to rapid increases of pCO 2 and other greenhouse gases has been implicated as a primary driving force behind the end-Permian (e.g. Renne et al. 1995; Bond & Wignall 2014) and end-Triassic mass-extinction events (Olsen 1999; Bond & Wignall 2014; Sha et al. 2015) . Volumetrically, water vapour (H 2 O), carbon dioxide (CO 2 ) and sulphur dioxide (SO 2 ) are the most important volcanic gases (e.g. Sigurdsson 1990 ). Whereas H 2 O and CO 2 contribute to warming, SO 2 forms aerosols that block sunlight, which leads to long-term cooling (e.g. Sigurdsson 1990 ). Acid rain and ozone depletion as a result of volcanic emissions of chlorine and fluorine (Thordarson & Self 2003 ) also impact on the health of global terrestrial ecosystems.
Volcanism also disrupts ecosystems on a local scale, with well-studied examples from the ancient past (Cross & Taggart 1982; Taggart & Cross 1990; Rößler et al. 2012; Opluštil et al. 2014 ) to historical times (Lawrence 2005; Arnalds 2013) including communities occupied by humans (Luongo et al. 2003) . However, volcanic activity may also lead to nutrient renewal in ecosystems at various scales (Frogner et al. 2001) and accelerated recovery of ecosystems (del Moral & Grishin 1999) . Volcanic ash falls, lahars and associated hydrothermal systems, owing to their rapidity of deposition, liberation of mobile Si 4+ and Ca 2+ ions, and common association with hot-spring communities, also host some of the best Lagerstätten that facilitate the reconstruction of ancient organisms and whole ecosystems (Trewin 1996; Wang et al. 2012; McLoughlin & Bomfleur 2016) .
Over 100 volcanic plugs have been mapped within the Central Skåne Volcanic Province (CSVP), southern Sweden (Tappe 2004; Bergelin 2009; Tappe et al. 2016) but there has been recent controversy over the age and origin of this magmatism. Most recent data suggest that eruptive activity occurred mainly during the late Early Jurassic on the flanks of the Sorgenfrei -Tornquist Zone -a failed rift system linked to extension in the North Sea and the opening of the North Atlantic (Tappe 2004; Bergelin 2009; Tappe et al. 2016) . These volcanic plugs are locally associated with volcanigenic sediments (pyroclastic sheets and lahar flows) that have been the target of recent palaeontological interest owing to their entombment of abundant permineralized plant fossils, one even with cellular preservation down to the level of organelles and chromosomes (Bomfleur et al. 2014) . Permineralized gymnosperm woods in these deposits are also unique in being the only threedimensionally preserved axes yielding growth ring data from the Early Jurassic of northern Europe and, thus, are of great significance for palaeoclimatic analysis.
Fossil pollen and wood represent important tools in palaeoclimate research because plants show rapid responses to climatic and other environmental changes. Quantitative changes between pollen taxa through geological successions can reveal major extinctions or simply reorganization within ecosystems, whereas tree growth rings can reveal detailed climatic or environmental changes on annual or decennial scales. Another, relatively new technique is the stomatal proxy-based method, whereby characters of leaf cuticle micromorphology are used to assess various palaeoenvironmental parameters (for methods, see McElwain & Chaloner 1995) . This method has now been tested on a wide range of plant groups and has developed into a robust technique: for example, for recording the palaeo-pCO 2 through the geological record, although most studies derive from the Northern Hemisphere (e.g. Woodward 1987; McElwain & Chaloner 1995; Beerling et al. 1998; Steinthorsdottir et al. 2011) . Scarce records exist from the Southern Hemisphere, although Steinthorsdottir & Vajda (2015) , using the conifer Allocladus from the Early Jurassic of Australia, and Passalia (2009) , using conifer and Ginkgoales cuticles from the Early Cretaceous of Argentina, showed interpretations of pCO 2 to be consistent with Northern Hemisphere records. These records show that greenhouse conditions prevailed during the Early Jurassic, with pCO 2 estimates of approximately 1000 ppm based on Northern Hemisphere stomatal density proxies and calibrated pCO 2 values of c. 900 ppm, based on Pliensbachian araucariacean conifer leaf fossils from eastern Australia (Steinthorsdottir & Vajda 2015) .
Here, we explore the effects of volcanism on the standing vegetation within the CSVP, and assess the broader environmental context of these deposits by palynological and fossil wood growth ring analyses. This study also aims to clarify the ages of the wood-bearing volcaniclastic deposits at Korsaröd and of the underlying siliciclastic Höör Sandstone.
Geological setting and previous studies
Mesozoic sedimentary deposits of Sweden are restricted to the southernmost province, Skåne (Scania: Fig. 1a-c) , where Triassic and Jurassic strata accumulated mainly in non-marine environments (Sivhed 1984; Pieńkowski 1991a, b; Ahlberg 1994 ) and the substantial Upper Cretaceous succession was deposited mostly in marine settings. The oldest exposed Mesozoic rocks in the province comprise Upper Triassic strata that rest on deeply weathered crystalline basement (Lidmar-Bergström 1997) . The Triassic-Jurassic transition is seemingly complete and the boundary is placed within the Höganäs Formation in the NW part of the province (Figs 1 & 2) (Sivhed 1984; Pieńkowski 1991a; Ahlberg 1994; Lindström & Erlström 2006; Vajda & Wigforss-Lange 2009) . In southern Sweden, the Triassic -Jurassic transition is characterized by a Transitional Spore-spike Interval (TSI) -an interval with high fern spore abundance (Larsson 2009; Vajda et al. 2013) . This fern-dominated interval has also been identified in the Danish Basin (van de Schootbrugge et al. 2009 ) and recently in the uppermost Rhaetian of Poland (Pieńkowski et al. 2012) . In the marine environment, fern spore representation is less pronounced and this interval is, instead, characterized by the presence of microbial mats in the subtidal zone, which suggests decreased benthic biodiversity and suppressed grazing in inner neritic environments in the early aftermath of the end-Triassic mass-extinction event (Peterffy et al. 2015; Ibarra et al. 2016 ). An extensive transgression affected southern Sweden following the TriassicJurassic transition and, in western Skåne, Lower Jurassic (Hettangian and Sinemurian) strata accumulated in marginal-to shallow-marine environments (Pieńkowski 1991a, b; Peterffy et al. 2015) (Fig. 2) .
This study focuses on the Lower Jurassic Höör Sandstone and the overlying volcaniclastic deposits of central Skåne (Figs 1 & 2) . The Höör Sandstone rests directly on weathered crystalline basement (Lidmar-Bergström 1997) and is represented by isolated exposures through central Skåne (Pieńkow-ski 2002) . Traditionally, the Höör Sandstone has been subdivided into two units: the lower Stanstorp Member, which reaches a thickness in excess of 15 m (its base is not exposed); and the upper part of the Stanstorps Member, which is exposed in Stenskogen (the 'stone forest') in the abandoned Stanstorp quarry and consists of sandstones intercalated with organic-rich mudstones, deposited in a fluvial environment. Isolated beds within the Stanstorp Member host a rich macrofossil flora that has been described in most detail by Nathorst (1880), Antevs (1919) and Pott & McLoughlin (2009) . The flora is dominated by Equisetales, dipteridacean, matoniacean and osmundacean ferns, Bennettitales, Cycadales, Caytoniales, Ginkgoales, and various broad-to scale-leafed conifers (Antevs 1919) .
The overlying Vittseröd Member reaches a maximum thickness of 40 m (Pieńkowski 2002) and differs from the Stanstorp Member in its composition of coarser, extensively silicified quartz arenites. Silicification is probably the result of hydrothermal fluids and thermal alteration from overlying volcanic extrusives and local intrusions that penetrated the sandstones. Hadding (1929) and Troedsson (1940) identified marine-brackish-water bivalves (Avicula inaequivalvis, Liostrea sp., Pecten sp., Cardinia follini), and Tullberg (1880) reported trace fossils (Monocraterion sp.) in this member.
The Höör Sandstone is overlain by little-studied volcaniclastic deposits. These unnamed strata probably correlate with the Rya Formation of NW Skåne (Fig. 2) . Central Skåne bears evidence of extensive volcanism, with over 100 volcanic plugs within a 1200 km 2 area (Fig. 1) . These volcanic features vary in size but several plugs exceed 100 m in diameter (Tappe 2004; Bergelin 2006; Tappe et al. 2016 ) and gymnosperm wood (described below). The permineralized fern has yielded exquisite anatomical details that have facilitated a re-evaluation of Osmundaceae systematics . The well-resolved phylogenetic relationships and the age of this fern have also contributed to the testing of various methods for the molecular-clock dating of ferns . The fern also hosts a range of epiphytes, parasites, micro-herbivores and potential symbionts that provide insights into biotic interactions within the Jurassic vegetation (McLoughlin & Bomfleur 2016) .
Material and methods

Palynology
Nine samples were analysed palynologically: four from the Höör Sandstone (H-1 -H-4), and five from the volcaniclastic sediments overlying that unit (K-1 -K-5: Fig. 3 ). The four Höör Sandstone samples derive from the Stanstorp Member exposed in Stenskogen (Fig. 1) . The samples were taken from rock slabs hosting plant fossils that were studied by Nathorst (1880) and Antevs (1919) 
Tree ring analyses
Around 50 calcite-permineralized wood fragments were available for study in collections compiled by Korsaröd farmer, Gustav Andersson, in 1973 and donated to the Swedish Museum of Natural History (samples NRM S069604-S069642, S069647, S069648, S069659 and S069709-S069720; prepared thin-sections: S069604-01, S069620 -S069622, S069623-01, S069624-01, S069636, S069638-01, S069639-01, S069639-02, S069641-01 and S069643-01). Two additional samples were studied from the Tjörnarp Sockengille (parish) collections, and additional material was collected during re-excavation of the Korsaröd fossil site in July 2014.
Analysis of the fossil wood anatomy and growth patterns was based on standard methods in xylology and dendochronology (e.g. see Fritts 1976; Grissino-Mayer 2015) . Annual rings were measured (with 0.01 mm precision) along two radii for each sample. Measurements were repeated for accuracy. Photographs of wood anatomy were taken with an Olympus DP71 digital camera attached to an Olympus BX51 transmitted light microscope, and compiled using Cell-D software. 
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X-ray fluorescence
Seven samples from the Korsaröd succession were analysed for major and trace elements utilizing X-ray fluorescence (XRF). The five volcaniclastic rock samples (Korsaröd 1-5, the same as used for palynology) and two permineralized wood samples were studied using a Niton XL3t Goldd+ XRF Analyzer at the Department of Geology, Lund University. For calibration and detection of drift, standard sample NIST 2709a with a known reference value was analysed every tenth measurement.
Results
General palynology
The preservation of the pollen and spores varies between the assemblages from the two lithostratigraphic units. Although the recovery and preservation of spores and pollen from the Höör Sandstone samples is good, assemblages obtained from the overlying volcaniclastic succession are of pristine quality with no traces of modern contaminants or reworking from older strata. The palynological assemblages are represented mostly by pollen and spores but a few freshwater algae also occur in the volcaniclastic deposits (Table 1) . No marine palynomorphs were identified. The age assessment is based on the presence/absence of key taxa in combination with abundance data compared with northern European palynostratigraphical schemes outlined by Dybkjaer (1991) , Koppelhus & Nielsen (1994) and Lund & Pedersen (1985) .
Palynology of the Höör Sandstone
The assemblages from this unit are characterized by typical Early Jurassic pollen and spore taxa. Most of the 34 taxa identified are long ranging. The palynoflora includes one bryophyte taxon, three lycophyte taxa, 13 fern spore taxa and 17 gymnosperm pollen taxa (Table 1) . Fern spores overwhelmingly dominate the basal sample, reaching a maximum relative abundance of 80.5% in NRM S67279.
The dominant spores are Marattisporites scabratus (10-38%: Fig. 4g ), Osmundacidites wellmanii (12-19%: Fig. 4a ) and Cyathidites spp. (average 15%). Some Osmundacidites spores occur in clusters (Fig. 4e) , indicating minimal transport and preservation of the sporangial contents. Gymnosperm pollen of high relative abundances includes Chasmatosporites spp. (4-20.5%, with higher values in the younger samples: Fig. 4l, m) , Classopollis spp., and Alisporites-type and Vitreisporites pallidus (Fig. 4j) Dybkjaer (1991) and with the Pliensbachian Chasmatosporites Zone of Koppelhus & Nielsen (1994) (Fig. 3) . The assemblage in the younger samples is similar to those recovered from the Sorthat Formation (also called the 'Sorthat beds' within the Bagå Formation) and dated as Pliensbachian (Mehlqvist et al. 2009 ).
Palynology of the Korsaröd volcaniclastic deposits
Apart from their excellent quality of spore/pollen/ charcoal preservation, all five samples from this unit yielded assemblages that are remarkably free of other palynodebris. Gymnosperm pollen and fern spores constitute roughly equal proportions of the assemblages. The dominant spores in most samples are Cyathidites spp. (average 21%: Cyatheaceae) followed by Marattisporites scabratus (3-14%: Marattiaceae). The dominant gymnosperm pollen in the volcaniclastic beds are Perinopollenties elatoides (Fig. 4i) produced by gymnosperms related to Taxodiaceae/Cupressaceae and Eucommiidites troedsonii (Fig. 4n) produced by plants probably related to Erdtmanithecales or potentially Gnetales (e.g. Hughes 1961; Doyle et al. 1975; Trevisan 1980; Friis & Pedersen 1996; Friis et al. 2011) . Taxa that are abundant in the underlying Höör Sandstone, such as Chasmatosporites (Fig. 4l, m; produced by cycadophytic plants) and Alisporites (probably produced by seed-ferns: Balme 1995), have significantly lower relative abundances. Only the basal sample within the volcaniclastic deposits differs in being more similar to the assemblages recovered from the Höör Sandstone.
Age. Pliensbachian-early Toarcian(?). The high relative abundances of Perinopollenites elatoides and Eucommiidites troedsonii, and the relatively low proportions of Classopollis and Chasmatosporites spp., markedly differentiate these assemblages from those of the underlying Höör Sandstone. The low relative abundance of Spheripollenites psilatus, and the absence of Toarcian key taxa, such as Clavatipollenites hughesii and Callialasporites spp., favours a late Pliensbachian to (questionably) an earliest Toarcian age (Fig. 3) . The palynoflora is similar to the late Pliensbachian Assemblage A (A2) of Lund & Pedersen (1985) from Greenland.
Geochemistry
Silica constitutes the most abundant element in all five volcaniclastic samples (10.8-22.4%), followed by Al (3.2-8.8%), Fe (1-12%), Ti (0.8-1.5) and Mg (0-1.1) ( Fig. 5a ; Table 2 ). Other elements represent ,1% in any sample. However, light elements, such as C and O, are grouped under Bal (¼Balance) and make up major components of the volcaniclastic sediments as constituents of silicate minerals. The elemental percentages vary slightly between the different beds ( Fig. 5a ): for example, the topmost sample differs in its higher Si and Al content, and lower Fe. The composition of the volcaniclastic deposits is consistent with a source from the mafic alkaline magmatic plugs of the CSVP. Both analysed fossil wood samples are strongly dominated by Ca (bound in CaCO 3 ), with only small amounts of Si and other elements (Fig. 5b) . This suggests selective bonding of CaCO 3 to buried organic matter during the fossilization process.
Fossil wood
Wood preservation and stature. The fossil wood occurs either as isolated fragments (Fig. 6) or as chaotic aggregations in a weathered volcaniclastic agglomerate composed of ash to lapilli-sized mafic clasts, together with minor pebble-to cobble-sized clasts of Mesozoic bedrock sandstones. The quality of wood permineralization in the samples is variable. Some specimens preserve excellent anatomical details but others have extensive zones of crushed tissue or cells dissociated by calcite infiltration between the walls or calcite-veining transecting cells. At least three phases of calcite mineralization are evident in the samples (Fig. 7k ). An initial pulse of mineralization deposited a very thin calcitic lining on the inner walls of cells. A second phase produced a thick coating of yellowish calcite on the 'inner' surface of the first layer; in some cases, this phase fills the entire cell lumen. A third phase precipitated clear calcite that infilled any remaining cell cavities. This final phase appears to be associated with calcite veining that cuts across both the wood and surrounding volcanic ash and lapilli (see McLoughlin & Bomfleur 2016, fig. 2E ). A few fossil wood specimens clearly represent portions of large trunks: one fragment is estimated to derive from a trunk 1.68 m in diameter, equating to a circumference of c. 5.3 m. Most specimens are small fragments (,10 cm long and 5 cm wide) that might represent lateral branches or even roots. Branch scars are evident on a few of the larger wood samples (Fig. 6 ). This variability in the quality of preservation, together with the small size and uncertain source (trunk v. branch v. root: cf Mosbrugger et al. 1994; Falcon-Lang 2005a) of many samples, and problems with statistical standardization of measurements (cf. Poole & van Bergen 2006; Bunn et al. 2013) , constrained the range of material that could be used for reliable taxonomic and growth ring analysis.
Description. All of the studied material consists of secondary homoxylous wood with distinct growth rings (Fig. 7a-c) . Earlywood cells average c. 30 mm in tangential diameter in most axes but reach 40 mm in some specimens. Earlywood cell radial diameters average c. 30 mm but are also variable within (Figs 7d & 8a) and between specimens, in some cases reaching 60 mm. Tracheids are nonseptate and have gently tapered termini; radial walls bear uniseriate bordered pits that are typically contiguous but sporadically separated (Fig. 7g) . No pitting is evident on tangential tracheid walls. Spiral fibrillar thickenings are common on tracheids (Fig. 7i) . Rays are uniseriate, unornamented, typically two -five cells high and rarely up to eight cells high (Fig. 7e, f) . Cross-fields are occupied by one, in some cases two, oblique pits with pointed apices (Fig. 7h) .
Identification. We follow the key developed by Philippe & Bamford (2008) for the segregation of Mesozoic homoxylous wood genera. Based on the possession of uniseriate rays with smooth walls, cross-fields bearing one or two large pointed oblique oopores, the absence of axial parenchyma, and tracheid radial walls with uniseriate, predominantly araucarioid pitting, we assign the Korsaröd woods to Protophyllocladoxylon Kräusel, 1939 . However, we note that this genus might require subdivision in future to segregate Palaeozoic, Mesozoic and even Cenozoic forms from widely separated sources and with different combinations of pitting architectures that probably derive from unrelated plant groups (Pujana 2005 
& Bamford 2008
). This task is beyond the scope of the present study and requires reappraisal of the type material from Egypt, which might have been reworked into much younger (?)Late Cretaceous or Danian host sediments from its original source (Philippe & Bamford 2008) . Similar woods assigned to Protaxodioxylon Bamford & Philippe, 2001 are distinguished by up to five oculipores in the cross-fields, with horizontal or only slightly oblique apertures. Importantly, assignment to Protophyllocladoxylon sp. does not imply a close relationship between these Mesozoic woods and modern Phyllocladus (Podocarpaceae). Based on the predominantly 'taxodiaceous' anatomical characters and the abundance of 'taxodiaceous' pollen from the volcaniclastic host deposits, together with scale-or awl-leafed conifer foliage (attributed by Antevs (1919) to Elatocladus sp.) in the underlying Höör Sandstone of central Skåne, assignment of the woods to the Cupressaceae (in its broad sense) is favoured.
Growth ring characteristics. Growth rings are distinct in all wood samples from Korsaröd ( Fig. 7a -c) . Ring widths vary considerably both within and between wood samples; they are typically narrow with average widths in the range of 0.49-1.78 mm, although a few individual rings reach 3.61 mm (Table 3) . In some cases, rings consist of as few as six cells with minimal latewood development (Fig. 7b) . Other samples have c. 20 cells per ring, of which more than half represent latewood (Figs 7c & 8a -c) . Typical rings have about threeseven latewood cells representing about 20 -30% of the growth ring width (Fig. 8a) , but the boundaries between earlywood and latewood can be indistinct. A few rings have 25 or more cells. False rings are developed sporadically through the wood, and are typically represented by one or two radially narrow and thickened cells within the earlywood (Fig. 7d) . Cell wall thicknesses vary according to their position within the growth ring (Fig. 8b) . The lumens of some latewood cells are almost entirely occluded by wall thickenings. Sensitivity analyses were conducted on two wood samples with .40 measurable rings (measured along two radii). Annual sensitivities (AS) vary markedly, especially between the two samples ( Fig. 9a-d) . Mean sensitivity (MS) varies from 0.253 (complacent) to 0.412 (sensitive) between the two samples. Median annual sensitivity values for each measured radius are lower than the mean sensitivities (Table 3) .
Discussion
Geological context
The volcaniclastic deposit at Korsaröd is located 380 m WNW of the nearest basaltic volcanic plug. Abundant mafic clasts within the agglomerates suggest that the volcanigenic sediments derive from this, or one of the many other nearby, eruptive centres of the CSVP. Clasts in the deposit are generally angular and poorly sorted (McLoughlin & Bomfleur 2016) . There is some lithological heterogeneity within the stratigraphic profile of the volcaniclastic deposit but it is unclear whether the indistinct layers represent deposition during discrete episodes separated by intervals of non-deposition, or if the textural differences simply represent weak variations in sorting owing to a high-energy depositional setting. The high ash/mud content of the deposit, poor bedding and the chaotic distribution of fossil wood favour interpretation as a lahar deposit, with clasts representing mostly reworked pyroclastic lapilli, but also incorporating some bedrock cobbles. The similarity in geochemistry between the different layers also favours this depositional interpretation. The fossil wood described herein is cemented by calcite, and the marked difference in composition between the fossils and the host volcaniclastic sediments shows that calcite cement precipitated preferentially within the plant remains, and/or has been leached from the surrounding sediments.
The underlying Höör Sandstone is a generally coarse, sandy (high-energy) fluvial-paralic deposit with a scattered outcrop distribution of erosional remnants, but which once was probably distributed extensively through central Skåne. Volcaniclastic deposits, such as those at Korsaröd, appear to rest directly on the Höör Sandstone, but the contacts are concealed in all cases. Given the interpretation of the volcaniclastic sediments as lahar deposits, they probably filled depressions in the landscape and, consequently, are of greatly variable thickness over short distances.
Palaeovegetation
The palynological assemblages from the Höör Sandstone and the overlying volcaniclastic deposits reveal two significantly different ecosystems, particularly with respect to the gymnospermous components that represented the main canopy plants and, possibly, portions of the understorey. Fern spores and gymnosperm pollen are roughly of equal abundance in the assemblages of both units. The fern constituents are similar in both units with Cyathidites/Deltoidospora, Marattisporites and Osmundacidites dominating the palynofloras, reflecting the Cyatheaceae/Dicksoniaceae, Marattiaceae and Osmundaceae dominance of the understorey vegetation. By contrast, the gymnospermous component of the palynofloras differs between the two units. A cheirolepid/cycadophyte/seedfern community expressed by assemblages in the Höör Sandstone is replaced by a community strongly dominated by Taxodiaceae/Cupressaceae. This 'taxodiaceous' (cupressaceous) dominance is also reflected by the abundant fossil wood (Protophyllocladoxylon) of this group. Eucommiiditesproducing plants, possibly Erdtmanithecales or Gnetales, were also common during emplacement of the volcaniclastic sediments and might have grown in the understorey. This major and abrupt vegetational shift is difficult to attribute only to the age difference between the two assemblages. Cross & Taggart (1982) noted that ash-covered landscapes of volcanic terrains are inherently dry edaphically, and that opportunistic forbs, xerophytic woody shrubs and scale-leafed conifers play a key role in post-disturbance vegetation of such landscapes. We interpret the palaeovegetational shift from the Höör Sandstone to the overlying volcaniclastic strata to be, at least partly, a consequence of the local ecosystem changes related to the volcanic activity in the area.
The fact that the palynological assemblage in the lowermost volcaniclastic bed in the Korsaröd succession is more similar to the Höör Sandstone than higher samples possibly implies that some material from the underlying strata was incorporated into the volcaniclastic deposits. There is no evidence of any reworking of more ancient palynomorph taxa.
Patterns of wood growth
The consistently narrow growth rings in the Korsaröd woods indicate growth under relatively adverse environmental conditions. This is supported by at least some wood radii that have mean sensitivity values within the sensitive field sensu Fritts (1976) , and annual sensitivity values that reach greater than 1.0 in some cases. These values imply considerable inter-annual variation in conditions for tree growth.
False rings can be produced by trees enduring short intraseasonal disturbances including drought, frost, herbivory, storm damage, ash fall and even earthquakes (Fritts 1976; Creber & Chaloner 1984; Sheppard & Jacoby 1989; Filion & Quinty 1993; Kurths et al. 1993) . One Korsaröd specimen bears evidence of charring without any healing response, indicating death by the time of the fire. Earlier in its development, this specimen shows an interval of 5 years with greatly retarded growth, after which a few years of recovery is apparent. This single extended phase of diminished growth within an interval of 70 years, and the sporadic development of false rings in the Korsaröd woods, indicates an environment subject to episodic disturbance. Although the precise cause(s) of these growth aberrations cannot be identified, seismicity, episodic volcanic ash falls and drought in an edaphically dry landscape were all potential influences on plant growth in the CSVP during the Pliensbachian.
Comparison of wood growth with other assemblages
The Korsaröd fossil woods derive from a palaeolatitude of around 458 N (Scotese 2001; Blakey 2016) . Among other middle-latitude mid-Mesozoic assemblages, the Middle Jurassic woods of the Cleveland Basin, UK, have a broad spectrum of mean sensitivities (0.04-0.55) that encompass the range of the Korsaröd woods, although mean ring widths of the former tend to be greater (up to 4.64 mm: Morgans et al. 1999) . The Late Jurassic Purbeck Formation of southern England hosts in situ permineralized conifer stumps with narrow (0.52-2.28 mm), but highly variable, growth rings (mean sensitivities of 0.29-0.788) that were interpreted to reflect growth in a maritime Mediterranean climate (Francis 1984) . The Korsaröd woods have similar ring characteristics to the Purbeck woods, including the possession of intra-annual (false) rings that reflect growth within harsh and variable conditions. Middle-Late Jurassic mid-palaeolatitude woods from Liaoning, China, have generally broader growth rings (average 2.24 mm) but mean sensitivity values (0.33) within the range recorded from the Skåne woods (Tian et al. 2015) . Middle-latitude woods from the Early Cretaceous of Western Australia have average ring widths of 0.177-9.390 mm and highly variable mean sensitivities (0.148-0.673), although these samples preserved in nearshore marine deposits possibly derive from a broad range of hinterland forest biomes (McLoughlin et al. 1995; McLoughlin 1996) .
Cretaceous and Palaeogene woods from high palaeolatitudes (e.g. from the Antarctic Peninsula) differ by having predominantly complacent ring sensitivities (average MS of 0.184 for the Cretaceous and 0.228 for the Palaeogene), some rings up to 9 mm wide, abrupt transitions to a narrow band of latewood, and no false rings (Francis 1986; Falcon-Lang & Cantrill 2001) . Similar differences are evident between the Korsaröd woods and the high-latitude Mesozoic woods from Australia (Frakes & Francis 1990 ) and New Zealand (Pole 1999) , and Eocene woods from the Canadian Arctic (Francis 1991) , which have complacent mean sensitivities, at least some relatively broad rings and abrupt latewood development. Permian high-latitude Antarctic woods from the Gondwanan continental interior, by contrast, have wider average growth rings (up to 3.87 mm) and more variable mean sensitivities (0.190 -0.475: Weaver et al. 1997) .
Complacent mean sensitivities characterize the wood of modern trees growing in moist, stable forest interiors where no single environmental variable controls growth (Fritts 1976 ). Low growth rates (typified by narrow rings), combined with low mean sensitivities, characterize trees of cool, consistently moist forests (e.g. the Magellanic forests of southern Chile: Francis 1986 ). The Korsaröd woods appear to have been subject to more variable conditions, both within and between seasons. Moreover, the variability in latewood development contrasts with the consistently abrupt termination of the main growth season reflected in woods from high-latitude trees (Creber & Chaloner 1984) . Growth rings from trees of the Jurassic -Palaeogene palaeoequatorial belt of north Africa and SW USA tend to have modest annual growth increments (1-3 mm) but indistinct (or absent) ring boundaries (Creber & Chaloner 1985; Bamford et al. 2002; Parrish & Falcon-Lang 2007) . Some woods from Jurassic warm middle latitudes (Neuquen, Argentina) have ill-defined growth rings (Morgans-Bell & McIlroy 2005) .
Among modern trees, mean ring widths can have a wide range of values within any one climate zone, but there is a general trend of increasing width from boreal to moist temperate zones but a subsequent slight decrease in the subtropical zone (Falcon-Lang 2005b Francis (1984) from extant conifers of Mediterranean biomes in both the Northern and Southern hemispheres. Philippe et al. (2004) , in a survey of Mesozoic woods from the Southern Hemisphere, identified Protophyllocladoxylon only from assemblages interpreted to represent the summer-wet palaeoclimatic belt. However, it is unclear whether this holds true for the distribution of Northern Hemisphere records or if wood of this fossil genus even represents the same gymnosperm family across its extensive geographical range. Although our studied sample is small, the growth ring patterns (particularly complacent-sensitive MS values, relatively narrow growth rings composed of very few cells, diffuse transitions from earlywood to a generally large proportion of latewood, and a sporadic representation of false rings) are broadly consistent with growth features developed by modern and ancient trees of middle-latitude Mediterranean climates.
Summary
The Höör Sandstone and overlying unnamed volcanigenic sediments in central Skåne preserve key aspects of the Early Jurassic geological history of southern Sweden. Complementary spore -pollen and fossil wood data, together with the characteristics of the host strata, provide an integrated means of interpreting the palaeoenvironment of central Skåne during the Early Jurassic. The chaotic distribution of wood and angular lapilli and basement clasts within the ash-rich agglomerate, the fine preservation of palynomorphs and some wood samples, and the occurrence of some spores in aggregates indicate an accumulation of the volcaniclastic sediments as a poorly sorted, short-transport, lahar deposit. Moreover, the presence of pervasive calcitic and siliceous cementation in the volcaniclastic deposits and underlying Höör Sandstone, together with rapid permineralization of woody remains, suggests that the vegetation grew in a hydrothermal region, with major challenges for roots to cope with warm, mineral-laden fluids percolating through the soil. The lahar sediments were also subject to the percolation of hydrothermal fluids immediately after deposition, as evidenced by pervasive calcite veining. We interpret the fossiliferous volcaniclastic strata at Korsaröd to have been deposited in an active volcanic landscape very close to the source of volcanigenic material (Fig. 10) .
Spore-pollen data support a Hettangian-earliest Pliensbachian age for the fluvial -paralic Höör Sandstone. Palynostratigraphic dating of the overlying continental volcaniclastic deposits to the Pliensbachian-early Toarcian(?) is broadly consistent with, or signifies a slightly greater age than, radiometric dates obtained by previous workers (Bergelin 2009; Tappe et al. 2016 ) from alkaline mafic volcanic plugs in the CSVP.
The representation and abundance of palynomorph groups in the Höör Sandstone suggests that the earliest Jurassic vegetation of this region was dominated by ferns (marattiacean, osmundacean and cyatheacean), probably forming an understorey or preferentially growing along water courses, together with gymnosperms (cycadophytes, cheirolepid conifers and pteridosperms) that constituted shrub to tree-sized plants. Late Early Jurassic floras preserved in the volcaniclastic deposits signify continued strong representation of the same fern groups as in the underlying Höör Sandstone, but there was a shift in the dominance of gymnosperms towards taxodiaceous conifers making up the canopy and the enigmatic (possibly erdtmanithecalean or gnetalean) gymnosperms that produced Eucommiidites troedsonii pollen that possibly dominated the understorey vegetation. The mix of typically waterdependent (e.g. fern) and dry-climate (e.g. cheirolepid) indices in these assemblages suggests a mosaic of habitats in the catchment area of the fossil assemblages. The ring width characteristics of the cypress-related fossil wood in the volcanigenic sediments also suggest growth within environments subject to perturbations. We envisage that central Skåne hosted a middle-latitude Mediterranean-type biome in the late Early Jurassic, where rainfall was relatively low and seasonal. Superimposed on this climate were the effects of active strombolian volcanism and hydrothermal activity. There were periodic eruptions of ash, lapilli and gas, and changing drainage patterns. Perhaps, most importantly, the plants would have needed to cope with the stress of growing in a substrate that was in some parts edaphically dry but locally permeated by hydrothermal fluids. All of these factors led to an unusual vegetation developed in an ecologically stressful situation (Fig. 10) , which is reflected in the growth patterns of the woods.
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